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ABSTRACT
To determine the safety and effectiveness of three potential agents which could be used to manage an oil spill. Methods: 
The effectiveness of three agents to manage an oil spill was evaluated: liquid soap, human hair, and Enviro-Bond 403 
polymer. These agents were selected as soap can emulsify oil, and hair and polymer act as adsorbants. To evaluate 
safety, 1 hour- Artemia Salina (brine shrimp) survival was evaluated, as Artemia is a commonly used organism for 
toxicity studies. Serial dilutions were employed to construct lethal concentration curves to estimate the concentration 
at which 50% of the organisms would die (LC50) for a normal environment (control), for an oil spill (control 2) and for an 
oil spill managed with each of the 3 agents. Results: Hair and polymer were effective adsorbents as 12% and 20% of 
the oil remained unbound at 1 hour; soap was ineffective with 62% of oil remaining unbound. An hour after exposure 
to water with chemicals leeched from an oil spill, there was a 63% reduction in survival in Artemia, when compared 
to natural conditions (p=0.001). Oil exposure exhibited a classic dose response curve as more Artemia died with 
increasing concentrations of oil; the associated LC50 was 17.5%. Hair and polymer were well tolerated by Artemia – 
neither reached their LC50 and approximately 80% of Artemia were alive at the end of one hour. Soap, with or without 
oil, was toxic to Artemia and its LC50 was 7%. These differences in survival were statistically significant between the 
three groups (ANOVA; p-value = <0.001). Hair and polymer we both effective and well tolerated by Artemia in an oil 
spill; soap was not effective and was toxic to Artemia.
Objet: Pour déterminer la sécurité et l’efficacité de trois réactifs qui pourraient se servir à nettoyer une marée 
noire artificielle. Méthodes: L’efficacité de trois agents en nettoyant une marée noire artificielle a été évaluée: 
celle du savon liquide, de cheveux humains, et du polymère Enviro-Bond 403. Pour voir si ces agents sont sûrs, 
la survie de l’Artemia a été observée pendant une heure, et les dilutions en série ont été faites pour construire 
des courbes CL50 représentant un environnement normal (1er groupe témoin), une marée noire (2e groupe 
témoin), et une marée noire nettoyée avec chacun des trois agents. Résultats: Les cheveux et le polymère ont 
été des bons absorbants car seulement 12% et 20% du pétrole y restait après une heure, respectivement. Par 
contre, le savon a été inefficace car encore 62% du pétrole y restait. Pendant la première heure, la survie de 
l’Artemia dans une marée noire non traitée a été réduite par 63%, comparé aux conditions naturelles (p=0.001). 
L’exposition au pétrole a produit une courbe dose-réponse conventionnelle car plus d’Artemia sont morts quand 
la concentration du pétrole a été augmentée; son CL50 a été 17.5%. L’Artemia a supporté les cheveux et le 
polymère puisqu’aucun agent a atteint son CL50, et environ 80% de l’Artemia ont survécu après une heure. Le 
savon, n’importe s’il y avait du pétrole, a été toxique à l’Artemia et son CL50 a été 7%. Ces résultats ont été 
importants statistiquement parmi ces trois groupes (ANOVA; valeur p =<0.001). Conclusion: Les cheveux et le 
polymère ont été tous les deux des agents efficaces que l’Artemia a supporté dans un environnement de marée 
noire artificielle.
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INTRODUCTION 
The British Petroleum Oil Spill in the Gulf of Mexico 
in 2010, also known as the Deepwater Horizon Oil 
Spill, resulted in one of the greatest man-made 
disasters that the world has seen, affecting marine, 
bird and insect life.1-4 The disaster may affect the 
area for decades to come and has raised many 
important questions about how an oil spill should be 
effectively and safely managed.5-7An oil spill can be 
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managed by a variety of methods including burning 
the spilled oil, by skimming or mechanically removing 
it, using chemicals to disperse or break it up, and 
using chemicals to absorb it.5,6 While many agents 
have been used in oil spills, no one is sure which 
is the most effective and how well these agents are 
tolerated by marine life.7
The purpose of this study was twofold: to evaluate 
the efficacy and safety of different methods used to 
clean up an oil spill. The three agents chosen were 
soap, hair and a polymer. These were chosen as 
polymer is the traditional compound that has been 
used but it is expensive and little is known about its 
safety on aquatic life.4,5 Hair, a solution that could use 
recycled material, has been suggested. Lastly, soap 
has also been suggested to clean up a spill due to its 
emulsifying properties.5 
To evaluate safety, a series of oil spills was simulated, 
and the effect of the oil and different cleaning agents 
was evaluated on a culture of Artemia Salina (brine 
shrimp), an organism frequently used for toxicology.8-10
MATERIALS AND METHODS 
A 10L salt-water mixture was created by adding sea 
salt (H2O Ocean Pro+) to distilled water to create a 
30 ppt concentration (specific gravity of 1.024) for the 
purpose of dilution. A culture tank of Artemia Salina 
was also created. 
The following three agents were evaluated to 
determine which was the most effective agent at 
cleaning up an oil spill: a polymer (Enviro-bond 403 
polymer11), human hair and Sunlight dish soap. 
To quantify the effectiveness of each of the three 
compounds, a concentration of 0.037 g/ml was 
created by adding 2.6 grams of the compound to 20 
ml of Mobil 1 motor oil and 50 ml of saline water (30 
ppt or 1.024 density). While not a perfect correlate to 
crude oil, given the addition of wax to alter its viscosity 
at different temperatures, oil has been recommended 
by NASA as a substitute for crude in simulated oil 
spill experiments.12 At the end of the hour, the agent/
oil matrix was removed by skimming it from the top 
of the solution. The remaining, non-adherent oil was 
measured using a 10 ml syringe. 
A 5:2 ratio of salt water to oil solution was created in a 
beaker.13 This mixture was stirred for 10 minutes and 
left still for 24 hours, to allow for leaching of chemicals 
from the oil into the water, similar to a method outlined 
by Schein et al.14 This was replicated three times. 
Following this, a 0.037 g/ml concentration of each 
agent to solution was created but allowing a 1-hour 
contact time of the agent to solution. Controls consisted 
of salt water only or oil and saline. Each agent was 
also tested without oil. After 1-hour of contact time 
the oil/agent mixture, or agent alone, was removed by 
a spoon. Following this step, the remaining solution 
was used to create a series of dilutions to evaluate 
toxicity on Artermia: 50%, 25% and 12.5%. 
Ten Artemia organisms were added to 20 ml of each 
concentration of fluid in petri dishes. After 1 hour, 
the number of living organisms was quantified by 
noting the number of surviving organisms by light 
microscopy. This toxicity experiment was performed 
3 times for each agent and control to obtain precise 
estimates of survival, and included the analysis of 96 
samples. 
To quantify toxicities the LC50 was calculated for 
each agent by creating a series of survival curves 
and extrapolating the concentration at which 50% 
of organisms were alive.15 An analysis of variance 
(ANOVA) was calculated to determine if there were 
statistically significant differences in the average 
1-hour survival between the 3 groups using an 
agent.16 A t-test was also used to compare survival 
in oil and saline only.17 Statistical significance was 
Figure  1: Artemia Survival in Oil and Water (control)
Artemia survive in salt water (77% survival) but not in oil 
(LC50 = 17.5%)
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assumed if the p-value was less than 0.05.18
RESULTS
Both hair and polymer were effective absorbents of 
oil, absorbing 88% and 80% of the oil. Thirty-eight 
percent of the oil was absorbed with soap. 
On average, 77% of Artemia exposed to salt water 
were alive after one hour (Figure 1), providing a 
1-hour estimate of Artemia survival in natural history. 
In comparison, only 30% of Artemia survived when 
exposed to the combination of oil and water. These 
differences in 1-hour survival were statistically 
significant (p-value=0.001). 
A dose response curve was noted as when the 
oil concentration increased, a greater number of 
Artemia died; the LC50 was 17.5% (t-test = 22; p-value 
= 0.0001). 
Hair and polymer were well tolerated by the Artemia, 
and LC50 values were not reached (Figures 2 and 
3). Of the 24 samples exposed to hair, the mean 
Artemia 1-hour survival was 82% (SD = 14.3%). For 
polymer, the survival, was 77% (SD = 15.6%). Soap 
was associated with an LC50 of 7% with oil and 10% 
without it. The differences in 1-hour survival were 
statistically significant between the 3 groups (ANOVA; 
p-value <0.001). 
DISCUSSION
Oil spills can create long-lasting toxic effects on 
the environment.19,20 It is important to find solutions 
that can clean up an oil spill that can be practically 
used and that are effective. Furthermore, solutions, 
themselves need to be safe, otherwise, toxicity to 
marine life can be compounded. 
Hair and polymer are both effective in absorbing 
the spilled oil, as they absorbed 88% and 80% 
of the material, respectively. Soap, however, is 
not comparable at absorbing an oil spill, as it only 
absorbed 38% of the spilled oil. Based on their 
effectiveness, both polymers and natural products 
that can absorb oil should be used for oil spills. 
The toxicity study showed that soap was toxic to 
Artemia, given its LC50 was 7% and 10% with and 
without oil. Hair and polymer were well tolerated by 
these organisms; in fact to the point that an LC50 was 
not able to be quantified (70-80% percent survival). 
The observed differences in toxicity were statistically 
significant (p<0.05). This finding is important because 
an ideal agent should not only be effective but must 
be safe for marine life.21,22
Some sources of error were various health levels and 
ages of Artemia; if the samples randomized to soap 
contained elderly shrimp or ones that were potentially 
ill, a bias may have been introduced, influencing 
Figure  2: Artemia Survival with Agent Alone (Water 
but no Oil)
Hair and polymer well tolerated (green and purple) but 
soap kills Artemia. LC50 for soap less than 10%. ANOVA; 
p-value <0.001 )
Figure  3: Artemia Survival with Oil Spill and Agent
Hair and polymer are both well tolerated in oil spill but 
Artemia cannot survive soap exposure. LC50 for soap is 
7%.
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the survival of the Artemia in those randomized to 
soap. The process of randomization would reduce 
this possibility. Another potential bias was the non-
standard method of skimming. While an attempt was 
made at removing the same amount of agent and 
oil, this was done by hand and may not have been 
replicated exactly from trial to trial. Finally, there was 
no time dimension for survival, so there was no way 
of knowing how fast each brine shrimp died. For 
instance, if 20% of a sample group were to die in the 
first 5 minutes after exposure to polymer as opposed 
to as 55 minutes after exposure to hair, the improved 
survival would not be noted using survival at 1-hour, 
as both would have 80% 1-hour survival. Using 
survival analysis is a method that adds the dimension 
of time to survival, and should be considered in future 
studies evaluating toxicity of agents on Artemia. It 
should also be noted that Artemia survival was used 
as a marker for marine or environmental impact. 
This choice, while practical, may not encompass the 
totality of an agent’s impact on a marine ecosystem. 
For instance, a compound may be well tolerated 
by Artemia, but not by other forms of marine life, 
either located higher or lower on the food chain than 
Artemia. Additionally, an agent may also have an 
affect on non-living elements of ecosystem, which, 
too, may ultimately impact marine life. 
Many people have had various ideas about the best 
way to clean up an oil spill including the use of natural 
compounds such as hair, cotton and wood.22  While 
polymers are commercially available, natural products 
have the benefit of being potentially cost-effective.21 
The results of this study show that hair and polymer 
are very effective at cleaning up the simulated oil spill. 
Both are equally safe on aquatic life, given the high 
tolerance of these two compounds by Artemia. Since 
hair has the additional benefit of being less costly, 
it might be a much more cost effective solution and 
might be a technology that is used in the future. 
FUTURE DIRECTIONS 
While human hair is an effective method to clean up 
spilled oil, further research needs to be performed to 
ensure that it can be a realistic option that can be 
used in the field. Other areas of future interest include 
developing a system of obtaining and deploying 
human hair to an oil spill or creating a synthetic form 
of hair that replicates its essential absorbent qualities 
and is well tolerated by marine life. This issue is very 
important to humanity because as oil reserves on 
land become diminishes, we will become increasingly 
reliant on marine reservoirs of oil. Therefore, in the 
future, we should expect a higher rate of oil spills in 
our oceans and a greater impact on marine life, which 
can forever change marine ecosystems.23  
ABBREVIATONS
Abbreviations  Full Form
SOS Simulated oil spill
LC50 Lethal concentration fifty
BP British Petroleum
ANOVA Analysis of variance
REFERENCES
1. Teal J. M. & Howarth R. W. Oil spill studies: a 
review of ecological effects. Environ. Manage. 
1984, 8, 27–44.
2. Whitehead A, Dubansky B, Bodinier, C, Garcia, 
TI, Miles, S, Pilley, C, Galvez, F. Genomic and 
physiological footprint of the Deepwater Horizon 
oil spill on resident marsh fishes. Proceedings of 
the National Academy of Sciences of the United 
States of America, 212, 109(50), 20298–20302. 
http://doi.org/10.1073/pnas.1109545108.
3. Belanger M., Tan L., Askin N. & Wittnich C. 
Chronological effects of the Deepwater Horizon 
Gulf of Mexico oil spill on regional seabird 
casualties. J. Mar. Animal Ecol. 3(2), 10–14 
(2010).
4. Husseneder, C., Donaldson, J. R., & Foil, L. D. 
(2016). Impact of the 2010 Deepwater Horizon 
oil spill on population size and genetic structure 
of horse flies in Louisiana marshes. Scientific 
Reports, 6, 18968. http://doi.org/10.1038/
srep18968
5. Merv Fingas. The Basics of Oil Spill Cleanup, 
Third Edition. CRC Press LLC. Boca Raton, FL. 
2012, p286. 
6. Song D, Liang S, Zhang Q, Wang J, Yan 
L. Development of High Efficient and Low 
Toxic Oil Spill Dispersants based on Sorbitol 
Derivants Nonionic Surfactants and Glycolipid 
Biosurfactants. Journal of Environmental 
Protection. 2013, 4, 16-22. 
DOI: 10.13034 / JSST-2016-003        
28              2016   VOL  9   ISSUE 1            LA  REVUE POUR LES ÉTUDIANTS EN TECHNOLOGIE ET SCIENCES                                                                                                        
7. Verriopoulos G, Moraitou-Apostolopoulou M, 
Milliou E. Combined toxicity of four toxicants 
(Cu, Cr, oil, oil dispersant) to Artemia salina. Bull 
Environ Contam Toxicol. 1987, 38(3), 483-90. 
8. Sorgeloos P, Remiche-Van Der Wielen, 
Persoone G. The Use of Artemia nauplii for 
toxicity tests – a critical analysis. Ecotoxicology 
and Environmental Safety. 1978, 2, 249-255. 
9. Persoone G, Wells PG. Artemia in aquatic 
toxicology: a review. In Artemia Research and its 
Applications. 1987, Vol 1. Morphology, Genetics, 
Strain Characterization Toxicology. Sorgeloos 
P, Bengtson DA, Decleir W, Jaspers E (Eds). 
Universa Press, Wetteren, Belgium; 380 p. 
10. Anita George-Ares, Eric J. Febbo, Daniel J. 
Letinski, Joseph Yarusinsky, Regina S. Safadi, 
and Alice F. Aita Use of Brine Shrimp (Artemia) 
In Dispersant Toxicity Tests: Some Caveats. 
International Oil Spill Conference Proceedings: 
April 2003, Vol. 2003, No. 1, pp. 327-330.
11. Envirobond 403 polymer. http://www.enviro-
bond.com/ebond.html
12. Visit to an Ocean Planet: Cleaning up an oil 
spill. http://er.jsc.nasa.gov/seh/Ocean_Planet/
activities/ts2hiac1.pdf 
13. Hodson P. Do chemical dispersants make spilled 
oil more toxic to fish. SETAC 2010 (Presentation). 
14. Schein A, Scott JA, Mos L, Hodson 
PV. Oil dispersant increases the apparent 
bioavailability and toxicity of diesel to rainbow 
trout (oncorhynchus mykiss). Environmental 
Toxicology and Chemistry. 28 (3):595-602. 
15. Meyer BN, Ferrigni NR, Putnam JE, Jacobsen 
LB, Nichols DE, McLaughlin JL. Brine shrimp: 
a convenient general bioassay for active plant 
constituents. Planta Medica. 1982, 45, 31-34. 
16. Gelman, Andrew. Analysis of variance? Why 
it is more important than ever. The Annals of 
Statistics. 2005, 33, 1–53. 
17. Witz, K. (1990). Review of Applied Statistics 
for the Behavioral Sciences. Journal of 
Educational Statistics, 15(1), 84–87. http://doi.
org/10.2307/1164825.
18. Goodman SN. Toward evidence-based medical 
statistics: the p-value fallacy. Ann of Inter Med. 
1999; 131:995-1004. 
19. Schein A, Scott JA, Moz L, Hodson 
PV. Oil dispersion increases the apparent 
bioavailability and toxicity of diesel to rainbow 
trout (Oncorhynchus Mykiss). Environmental 
Toxicology and Chemistry, 2009, 28(3), 595-602. 
20. McIntosh S, King T, Wu D, Hodson PV. Toxicity 
of dispersed weathered crude oil to early life 
stages of Atlantic herring (Clupea Harengus). 
Environmental Toxicology and Chemistry, 2010, 
29(5), 1160-1167. 
21. Bayat, Ahmad, et al. Oil spill cleanup from sea 
water by sorbent materials. Chemical engineering 
& technology 2005, 28(12), 1525-1528.
22. Choi H, Cloud RM. Natural sorbents in oil spill 
cleanup. Environ Sci Technol. 1992, 26, 772-776. 
23. Faucon B. Oil companies go deep. The Wall 
Street Journal. 2013, http://www.wsj.com/articles/
SB100014240527023034420045791235602250
82786. (accessed March 4 2016).
DOI: 10.13034 / JSST-2016-003
